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As flipped learning enforces students’ self-preparation for the class, in-class unidirectional lectures
can be replaced with interactive teaching methods such as peer instruction and group activities. In
this article, we study the role of face-to-face lecturing in introductory physics classes at the university
level based on the flipped learning, by analysing student achievements and the degree of student
satisfaction for two semesters. In the first semester, we redesigned a class of 176 students with a
reduction in lecture hours and replaced them with pre-class self studies and in-class group problem
solving, and compared it with the traditional lecture-based class of 161 students. It is confirmed that
the redesigned class offered students a more effective way of learning physics than the traditional
lecture-based class. In the second semester, we applied the same strategy of course redesign to
two classes but controlled the proportion of face-to-face lectures to the entire class meeting hours
systematically to be 1/3 in Class 1 of 160 students and 1/2 in Class 2 of 176 students. It is
found that the proportion does not seem to affect the students’ achievements in those two classes.
However, the students who have performed well in the midterm and final exams, tended to think
that the group problem solving was more helpful than the face-to-face lecture, while the students
whose final exam scores are relatively low compared to the midterm exam scores tended to prefer
the face-to-face lecture.
I. INTRODUCTION
Recently a popular trend of course redesign is to ar-
range educational tools for active learning, which in-
creases the interactions between instructors and stu-
dents in class, rather than unilaterally imparting instruc-
tors’ knowledge in the form of traditional lectures [1–9].
The course elements which make students engage with
their peers in in-class activities are fruitful especially for
physics education in the forms of cooperative problem
solving [10–13] and peer instruction [14–17]. Even in
physics classes with a high enrollment, a relevant strategy
for course redesign may overcome the challenges from the
massive audiences and resolve problems due to the lack
of experience that a young lecturer may have [18].
One of the ways of increasing the interactions in class-
rooms is ‘flipped learning’ [19, 20]. The 2014 Horizon
report specifies that ‘flipped classroom’ is one of the
most important developments in educational technology
for higher education to be implemented in one year or
less [21]. According to a recent survey by the Center for
Digital Education, 50% of American faculty members are
already using the flipped learning method or plan to by
winter 2014 [22].
As discussed in [23], the basic structure of flipped
learning is a combination of Just-In-Time-Teaching [24]
and the student engagement components like group prob-
lem solving [11, 12] and peer instruction [14, 15]. It is
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to flip the learning process of the lecture-oriented class
as in Fig. 1. In the traditional lecture-oriented class, in-
structors do their best to deliver lectures on contents to
students as a main in-class activity, and then assimila-
tion is passed unto students e.g. by assigning homework.
However, in flipped classroom, the course contents are
posed to students as a form of pre-class self-study in ad-
vance, and the main in-class activity is to discuss the
contents or solve related problems with instructors and
their peers. In the framework of flipped learning, instruc-
tors may arrange various interactive in-class activities for
student engagement and assessment.
It is a challenge for those adopting flipped learning
strategy to produce and develop pre-class materials like
movie clips, lecture videos and interactive tools with the
best quality, that students have to master before coming
to the class. Fortunately, the course redesign strategies
in flipped classrooms could be synergetic with the recent
progress of IT based education. The advent of educa-
tional resources of MOOCs like edX, Coursera, etc. not
only gives chances for the general public to participate
in the higher education but also provides educational re-
sources for university leaders to develop creative flipped
learning models [25–27].
From its inception in 2009, our university has exper-
imented with the flipped learning model as a possible
solution (1) to offer all courses in English, (2) to pro-
vide two-way interactive learning for critical thinking and
problem solving, and (3) to reduce or at least contain ed-
ucational costs without sacrificing quality. In line with
the university’s policy, the introductory physics course
has been redesigned for flipped learning as in [23, 28–32].
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FIG. 1. Comparision of the structures of traditional lecture oriented class and flipped class.
Our concern is to minimize the lecturing part, which is
repeated without substantial change every semester, by
replacing it with online self-study before the class and
in-class problem solving/discussion. It may be possible
to entirely replace the face-to-face lectures in classroom
with the movie clips of famous lecturers, and to comple-
ment the class with other effective elements like group
problem solving and discussion.
However, the face-to-face lecture and the art of story-
telling in class have their own virtues in physics educa-
tion, especially for the comprehension of physics concepts
[33–35]. First, the instructor can control the pace and
amount of the explanations or demonstrations instantly
according to students’ responses in the classroom. Sec-
ond, the instructor can choose the methods and control
the time necessary to explain physical phenomena, in-
stantly according to students’ responses. In this regard,
it is necessary to investigate carefully what will happen
to students in flipped classrooms when we reduce the
proportion of the face-to-face lecture and replace it with
other course elements. Hence, we need to study the im-
pact of the face-to-face lecture on students’ learning by
systematically adjusting the lecture hours, and this is the
main motivation of this work.
The research questions of this article are as follows:
• Does a flipped classroom offer a more effective way
of learning physics than a traditional lecture ori-
ented classroom?
• Does there exist an optimal proportion of face-to-
face lecture compared to interactive in-class activ-
ities that replace it?
• What types of students benefit and suffer most
from our course redesign based on flipped learning,
due to reduced hours of face-to-face lecture and in-
creased hours of interactive in-class activities such
as group problem solving and discussion?
II. METHODS
In this paper, we report achievements and reflections
of our students who have taken the first part of introduc-
tory university physics - calculus-based classical mechan-
ics and thermal physics, for two semesters - Semester
2012 and 2013. We systematically controlled the pro-
portion of the face-to-face lectures by spending different
amounts of lecturing time in different classes, compensat-
ing it with other online materials or activities. In the first
semester, two instructors joined to teach two different
types (traditional and redesigned) of classes separately.
In the next semester, one instructor ran two redesigned
classes by assigning the proportion of face-to-face lectures
differently for the two classes.
A. Semester 2012
In the first semester, two classes of the first part of the
introductory physics course for freshmen were opened.
One instructor decided to apply the redesign method to
his class, Class I of NI = 176 students, and the other in-
structor took traditional method heavily based on lecture
3in his class, Class II of NII = 161 students. Since stu-
dents were assigned to one of the two classes randomly by
the university, we could safely assume that initial knowl-
edge of the students about physics was equivalent over
those two classes.
For the redesigned class, Class I, we decided to take
a hybrid model approach, spending half the class time
doing face-to-face lectures for summarizing the chapters,
and the other half on interactive activities. Since not
all of the contents could be covered by the face-to-face
lecture within the limited time, the core materials for
the class, including lecture notes and movie clips, were
opened to students on LMS(Learning Management Sys-
tem) before the class.
In class, the instructor gave summary lectures review-
ing the main contents of the chapters and emphasiz-
ing essential parts. Often clicker questions were pre-
pared to help the students catch the important concepts
[14, 15, 36], and then group activities were followed. Stu-
dents made groups of 2 - 4 members and were allowed to
solve the problems selected by the instructor together
within the group members. The instructor showed prob-
lems one by one on a big screen and then gave some time,
normally 10 - 15 minutes per problem, for each group
to make their own solution. While students discussed a
possible solution to the problem, the instructor and 2 -
3 TA’s walked around the discussion groups, answered
students’ questions, and explained some crucial concepts
that students might misunderstand. Then the instructor
showed standard solutions to all students while empha-
sizing important points.
After class, the activities were generically typical.
Homework problems were assigned to students weekly,
and the students were required to submit their solutions
to TA’s. We arranged recitation classes for students to
get help directly from the TA’s. The class format applied
to Class I consists of mainly three parts as in Table I.
In Class II, the instructor delivered a traditional type
of lecture for the whole class time. After class, the same
homework problems were assigned to students as in Class
I. The same format of recitation classes for Class I were
open to students of Class II.
We take students’ scores of the midterm and final ex-
ams as the measure of students’ assessment on the learn-
ing contents, and compare the score distributions of the
two classes by T-test and F-test.
B. Semester 2013
In the second semester, we explore the effect of the
proportion of the face-to-face lecture on students’ learn-
ing. One instructor decided to adopt the same format
of course redesign based on the flipped learning to his
two classes, while assigning different proportions of the
face-to-face lecture to them.
The course format was similar to that of the redesigned
class in Semester 2012, except for two things. To empha-
size students’ self-study, we added pre-class quiz assign-
ments based on the contents that students had to pre-
pare before coming to class. The pre-class quizzes were
multiple-choice problems assigned on LMS to be evalu-
ated automatically. Students had an unlimited number
of attempts at solving the problems before class but they
were required to achieve at least an 80% success rate.
Second, though clicker technique is famous as an effec-
tive tool to learn physics [14, 16], we noticed that our
students liked to have more time to do group problem
solving rather than clicker discussion in Semester 2012.
The reason might be that the instructor and students
were not trained enough to make suitable interactions by
using clickers. However, group problem solving was tech-
nically easier to be implemented in class and hence we
decided not to include clicker questions in Semester 2013.
The class format commonly applied to Class 1 and Class
2 consists of mainly three parts as in Table II.
The teaching formats of two classes in Semester 2013
are summarized in Table VI. The same instructor taught
two classes: in Class 1 of N1 = 160 students, he spent,
per week, 1.3 hours for face-to-face lecturing and 2.7
hours for group discussion and problem solving (the pro-
portion of face-to-face lecture is 1/3). In Class 2 of
N2 = 176 students, he spent, per week, 2 hours for face-
to-face lecturing and 2 hours for group discussion and
problem solving (the proportion of face-to-face lecture is
1/2). There is one important difference between the two
classes other than the proportion of the face-to-face lec-
ture. In Class 1, students were required to come to the
first class of the week to participate in the face-to-face
lecture and the group activity, but the second class fully
dedicated to group problem solving was optional, i.e. stu-
dents were not required to come to the second class only
for group problem solving. Students had more freedom
to choose what would be better for themselves in Class
1. In Class 2, however, students were required to come
to each of two classes of the week and spent a half of the
class time in the face-to-face lecture and the other half
in the group problem solving.
Right before the final exam, we had a chance to get stu-
dents’ feedback on the educational items adopted in our
classes through a questionnaire. We asked student opin-
ions about the satisfaction with the face-to-face lecture
and group problem solving/ discussion with the ques-
tions, “Did the face-to-face lecture contribute much to
your learning of physics?” and “Did group problem
solving contribute much to your learning of physics?”.
The students could choose one among answers, “strongly
agree”, “agree”, “neutral”, “disagree” or “strongly dis-
agree”. The satisfaction level is expressed as an integer
number between -2 and 2 which correspond to ‘strongly
disagree’ and ’strongly agree’, respectively as shown in
Table III. Though the conversion from the students’ an-
swers to the integer numbers between -2 and 2 seem to
be arbitrary, we are interested in the statistical features
of students’ opinions and the absolute value of the con-
version is not meaningful to our discussion.
4Pre-class lecture notes, movie clips and reading materials
In-class summary lectures, clicker and group problem solving
Post-class homework assignments and recitation classes
TABLE I. The course format of Class I , i.e. the flipped classroom, in Semester 2012
Pre-class lecture notes, movie clips, reading materials and pre-class quiz assignments
In-class summary lectures and group problem solving
Post-class homework assignments and recitation classes
TABLE II. The class format of Class 1 and Class 2 in Semester 2013
We compare the score distributions of the midterm and
final exams of the two classes by T-test and F-test to dis-
cuss the impact of changing the proportion of the face-to-
face lecture on students’ achievements. We examine the
students’ degree of satisfaction with face-to-face lecture
and group problem solving to explore the role of face-to-
face lecturing. For this, we group students according to
midterm and final exam scores, and compare the satisfac-
tion levels of the face-to-face lecture and group problem
solving over those groups. If necessary, we use statis-
tical analysis to judge whether the satisfaction levels of
different two groups are meaningfully different.
III. RESULTS
A. Results from Semester 2012: Lecture-oriented
class vs. Flipped class
Though the course formats of Class I and Class II
were different from each other, we gave exactly the same
problems in the midterm and final exams, to compare
the effectiveness of students’ learning in both classes.
The exam problems were consisted of multiple choice or
simple answer questions (30%) and numerical questions
(70%). We included challenging questions to control the
overall difficulty of the exams.
The midterm exam was about Newton mechanics, the
contents covered in the first 6 weeks. It is found that the
average scores of the midterm exam for both classes are
similar as in Table IV. The final exam was about rota-
tional motion, wave dynamics and thermal physics, the
contents covered in the last 6 weeks. Since the average
score of the midterm exam was higher than we desired,
we decided to include more challenging questions in the
final exam. The average scores of the final exam for both
classes seemed to decrease substantially in comparison
with the midterm scores in Table IV, because the topics
covered after the midterm exam were new and are chal-
lenging to the students. The average score of Class I was
10 % higher than that of Class II.
The students’ populations of the both classes over the
score of exams are presented by the violin plots of the
students and the box plots of the central 50% students
in Fig. 2. The population within the central 50% for
the midterm score of Class I is slightly more broadly
distributed than that of Class II. The similar pattern is
to be seen more explicitly in the final exam. The central
50% students of Class I did get explicitly higher scores
than those of Class II as in the right panel of Fig. 2.
The statistical properties of Class I and Class II are
checked by T-test and F-test as summarized in Table V.
For the midterm exam, the hypothesis that the means of
the two classes are equal is accepted by T-test whose p-
value is 0.1308 at 5% of the significant level for two-sided
test. Here we assume that the variances do not differ too
much, as it is confirmed by F-test whose p-value is 0.8144.
Hence, we do not see a significant difference in the means
of the two classes for the midterm exam. However, for
the final exam, different results could be noticed. We use
Welch two sample T-test because the variances of two
classes are not equal, as it is approved by F-test whose
p-value is 0.0017 at 5% of the significance level. The
difference in the means of two classes for the final exam
is confirmed by T-test, since the p-value is 1.925× 10−7
which is much less than the significant level.
The above analysis indicates that there was no essen-
tial difference in students’ learning by the midterm exam
in both classes but were remarkable changes in the stu-
dents’ performance in the final exam. One may interpret
this result in the following two ways. First, the freshmen
were familiar with the topics covered in the first part
before the midterm exam because they already learned
most of the topics in their high schools. Hence, we could
conclude that our class redesign seems to be effective in
students’ learning, especially when students started deal-
ing with relatively new topics. In the redesigned class,
many of students seemed to have chances to correct their
knowledge and understanding on the new topics, while
they have time to interact with their peers. Second, it
takes some amount of time for students to get familiar
with the new teaching method. Students were usually
taught in lecture-oriented classrooms before entering the
university and hence needed to be exposed to the re-
designed course format to be effective in their learning.
In that sense, it seems natural to see that the effect of
course redesign was manifested after the midterm exam.
5choice on the questionnaire converted points
strongly agree +2
agree +1
neutral 0
disagree -1
strongly disagree -2
TABLE III. Conversion of students’ satisfaction of the face-to-face lecture or group problem solving for Semester 2013.
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FIG. 2. Violin(white region) and box(black box) plots of the scores of Class I and Class II in the midterm and final exam
for Semester 2012. The widths of the white regions represent the sample frequencies of the students at a given score. The
black boxes represent the groups of the central 50 % students for the exams, and the white dots within the black boxes are the
median scores.
B. Results from Semester 2013
1. Exam results
The exam results of the two classes are summarized in
Table VI, and their violin and box plots are shown in Fig.
3. For the midterm exam, the average scores of Class 1
and Class 2 are 55.9 and 56.7 respectively. For the final
exam, the average scores of the final exam for Class 1
and Class 2 are 43.6 and 47.4 respectively. It seems that
students of Class 2 did perform slightly better than those
of Class 1 in the final exam. In the violin and box plots
of Fig. 3, the central 50 % students of Class 2 got a little
higher scores than those of Class 1.
However, the results of T-test and F-test imply that
the statistical features for the two classes are not differ-
ent in the midterm and final exam as in Table VII. It
is noticed that the variances of the two classes for the
midterm and final exams do not differ by F-test whose
p-values are 0.514 for the midterm exam and 0.8758 for
the final exam. According to T-test under the equal vari-
ance assumption, the p-values are 0.6747 for the midterm
exam and 0.09728 for the final exam. Hence, it is hard
to say that the overall statistical distributions for the
midterm and final exams are different.
In the setting of our course redesign, the proportion of
face-to-face lecture dose not give a profound impact on
the students’ learning process. It seems that the lecturing
part has a function of specifying the items that students
should learn, but the learning outcome is directly related
with students’ assimilation on those items. While prob-
lem solving and group discussion would be an effective
tools for the students’ assimilation, the proportions of
2/3 (Class 1 ) and 1/2 (Class 2 ) for such activities seem
to be operating equally well with our course redesign.
2. Students’ reflections on L and GPS
Now we discuss the students’ satisfaction levels with
the face-to-face lecture (L) and group problem solving
(GPS) from the questionnaire taken right before the final
exam. We asked “Did the face-to-face lecture contribute
much to your learning of physics?” and “Did group prob-
lem solving contribute much to your learning of physics?”
to the students through the questionnaire. For the face-
to-face lecture, the percentages of students who voted to
‘strongly agree’ or ‘agree’ are 77.3% (= 27.3% + 50.0%
) for Class 1 and 72.6% (= 22.6% + 50.0%) for Class 2,
respectively. For the group problem solving, the percent-
ages of students who voted to ‘strongly agree’ or ‘agree’
are 79.7% (= 36.7% + 43.0%) for Class 1 and 80.5%
(= 31.1% + 49.4% ) for Class 2, respectively. The aver-
age satisfaction scores of L and GPS and their standard
6Class I (redesigned) Class II (traditional)
number of students NI = 176 NII = 161
midterm exam 71.4 (± 1.48) 68.2 (± 1.51)
final exam 34.4 (± 1.54) 23.9 (± 1.88)
TABLE IV. Number of students and average exam score (± its standard error, i.e. the standard deviations divided by the
square root of the sample numbers ) in classes for Semester 2012
T-test Degree of freedom p-value 95% confidence level
Midterm exam 1.5146 335 0.1308 -0.9578, 7.3703
Final exam 5.3203 327.315 1.925 ×10−7 6.663906, 14.483327
F-test Degree of freedom p-value 95% confidence level
Midterm exam 1.0374 175/160 0.8144 0.7645, 1.4048
Final exam 1.6324 175/160 0.0017 1.2030, 2.2105
TABLE V. T-test and F-test for the comparison of the exam scores for Class I and Class II in Semester 2012.
errors are shown in Table VIII. It seems that the students
in the both classes generally prefer GPS as much as L.
As summarized in Table IX, the average satisfaction
levels of L or GPS seem to be similar by T-test and F-
test. For L, the variance of Class 1 is different from that
of Class 2 since the p-value is 0.03056 at the significance
level of 5%. Then we notice that the p-value of Welch
two sample T-test is 0.8256 which is bigger than the sig-
nificance level. For GPS, the variances of the two classes
seem to be similar since the p-value of F-test and T-test
are 0.838 and 0.4911 respectively.
In the next sections, we look into the satisfaction lev-
els of L and GPS by grouping students’ scores of the
midterm exam, the final exam and combination of both.
The objective is to find student groups to which instruc-
tors should pay careful attention when they optimize the
proportion of the face-to-face lecture in flipped learning.
3. For students who performed well in the midterm and
final exams
We propose, as a measure of the students’ performance,
the algebraic sum,
M + F ≡ midterm exam score + final exam score . (1)
M+F is the total score that each student gained from
the midterm and final exams, regardless of how much
the final exam score was improved or not, compared to
the midterm score for a student.
The students in each of Class 1 and Class 2 are
grouped according to their M+F scores into ‘below 50’,
‘50 to 75’, ‘75 to 100’, ‘100 to 125’, ‘125 to 150’ and
‘higher than 150’, and then the satisfaction level of each
group with the face-to-face lecture(L) and group discus-
sion and problem solving (GPS) is analysed to compare
Class 1 and Class 2. Fig. 4 shows the average satis-
faction scores, and the standard errors, i.e. the standard
deviations divided by the square root of the sample num-
bers for each M+F group.
The upper two panels of Fig. 4 show that the satis-
faction levels of the face-to-face lecture (L) for the two
classes are not different within the standard errors, ex-
cept for the students whose M+F is higher than 150 in
Class 1, while the sample size is too small, 5. Hence,
one can say that the preference to the face-to-face lec-
ture is similar over the whole M+F groups. However,
the lower two panels of Fig. 4 show that the satisfaction
levels of group problem solving (GPS) for the students
with M + F > 125 of Class 1 is higher than that of Class
2, while the sample sizes are 31 for Class 1 and 54 for
Class 2, respectively.
We need to carefully check the statistical properties of
the student groups of M + F > 125 from Class 1 and
Class 2 by doing T-test and F-test. In Table X, the vari-
ances of the satisfaction levels of L and GPS seem to be
equal as addressed by F-test whose p-values are 0.2391
for L and 0.9986 for GPS at 5% of the significance level.
The results of T-test of the satisfaction levels of L and
GPS for the two groups are significantly different. For
L, it is noticed that the means of the satisfaction level
do not differ by T-test whose p-value is 0.5397. How-
ever, for GPS, the p-value of the T-test is 0.04408 which
implies that the two groups have different preferences to
the group activity. It means that while the statistical
distributions of the samples for the face-to-face lecture
are not different, those for the group problem solving are
distinguishable. Hence, one may conclude that students
with M + F > 125 of Class 1 tended to think that group
problem solving was helpful in their learning of physics
rather than those of Class 2.
It seems that the comparison between the students
with M + F > 125 of Class 1 and Class 2 shows that
GPS can be a relevant substitute of L for the students
who performed well. Since the instructor had limited
time to cover the contents in Class 1 rather than in Class
2, the Class 1 is a test ground where the students notice
7Class 1 Class 2
number of students N1 = 160 N2= 176
time for face-to-face lecture per week 1.3 hours 2.00 hours
time for group problem solving per week 2.7 hours 2.00 hours
portion of face-to-face lecturing 1/3 1/2
midterm exam 55.9 (± 18.7) 56.7 (± 17.7)
final exam 43.6 (± 21.1) 47.4 (± 21.4)
TABLE VI. Number of students and average exam score (± its standard error, i.e. the standard deviations divided by the
square root of the sample numbers) in classes for Semester 2013
T-test Degree of freedom p-value 95% confidence level
Midterm exam -0.42 334 0.6747 -4.740380, 3.072198
Final exam -1.6629 334 0.09728 -8.4316737, 0.7066737
F-test Degree of freedom p-value 95% confidence level
Midterm exam 1.1061 159/175 0.514 0.8164597, 1.5018120
Final exam 1 0.9757 159/175 0.8758 0.7201962, 1.3247431
TABLE VII. T-test and F-test for the comparison of exam scores for Class 1 and Class 2 in Semester 2013.
whether group problem solving could properly compen-
sate the reduction of face-to-face lecturing. For those
students of Class 1 who could easily follow up the pace
of the course, it seemed clear that interactive engage-
ments like group problem solving was carefully designed
to convey all the contents and to help students assimilate
them.
4. For students whose exam scores were reduced
We could conclude that the overall students’ perfor-
mance of both classes were similar from Table VII. How-
ever, when we compare the positions of the central 50 %
groups for the midterm and the final exams in Fig. 3,
the overall change in the scores of the central 50 % group
of Class 1 seems to be larger than that of Class 2. It
may be meaningful to trace students’ improvements by
comparing their scores of the midterm exam with those
of the final exam to see the relations with the face-to-face
lecture and group problem solving.
Since the distribution with the large number of samples
like the student numbers of our classes would be Gaus-
sian, the score of the final exam for each student can be
renormalized so that the average and standard deviation
of the final exam are same as those of the midterm exam
in the class where the student belongs. The renormalized
final exam score is
FR ≡ (F− FA) σM
σF
+ MA (2)
where MA, FA, σM and σF are the average scores and
standard deviations of the midterm and final exams for
each of Class 1 and Class 2. Then, the improvement
of a student in a class could be quantified by comparing
the midterm exam score and the renormalized final exam
score. Now, the improvement factor for each student in
one class, FR-M is introduced by
FR-M ≡ FR−M =
[
(F− FA) σM
σF
+ MA
]
−M (3)
where M is the midterm exam score of the student.
The students in each of Class 1 and Class 2 are
grouped by their FR-M scores into ‘below -10’, ‘-10 to
0’, ‘0 to 10’, and ‘higher than 10’, and then the average
and standard error of the satisfaction level with L or GPS
for each FR-M group is analysed as it is done for M+F.
The upper two panels of Fig. 5 show the satisfaction
levels with L for the two classes are not different over
the whole FR-M range. However, the lower two pan-
els of Fig. 5 show the satisfaction level of the students
with −10 < FR-M < 0 in Class 2 seems to be relatively
low compared to other FR-M ranges. The students with
−10 < FR-M < 0 in Class 2 tend to think that they do
not get helps from the group problem solving as much as
from the face-to-face lecture, rather than in Class 1.
Now we take the samples of −10 < FR-M < 0 sepa-
rately from two classes to do T-test and F-test. The sam-
ple sizes are commonly 34 for the two classes. In Table
XI, while the variances of L seem to be different since the
p-value of F-test is 0.0003272, those of GPS do not differ
since the p-value is 0.7975. For the face-to-face lecture,
Welch Two sample test is used and its p-value is 0.4223
which implies the mean values of L for the two groups are
likely to be same. However, for the group problem solv-
ing, T-test under the equal variance assumption is used
and its p-value is 0.06091. If we consider a less conserva-
tive significant level, i.e. at 10% or higher, then this test
for GPS is rejected clearly. It means that the students
in Class 2 whose final exam scores are slightly reduced
compared to the midterm exam scores preferred not the
group problem solving, rather than in Class 1.
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FIG. 3. Violin(white region) and box(black box) plots of the scores of Class 1 and Class 2 in the midterm and final exam
for Semester 2013. The widths of the white regions represent the sample frequencies of the students at a given score. The
black boxes represent the groups of the central 50 % students for the exams, and the white dots within the black boxes are the
median scores.
Class 1 Class 2
face-to-face lecture 0.937 (±0.078) 0.951 (±0.058)
group problem solving 1.118 (±0.076 ) 1.067 (±0.065)
TABLE VIII. Average satisfaction levels converted into scores by Table III (± its standard error, i.e. the standard deviations
divided by the square root of the sample numbers) in classes for Semester 2013
In the groups with −10 < FR-M < 0, there are 43 stu-
dents in Class 1 and 36 in Class 2. The average score of
those students are reduced from 59.4 (± 2.64, the stan-
dard error) to 43.2 (± 3.12, the standard error) for Class
1 and from 58.6 (± 2.53, the standard error) to 42.3
(± 3.02, the standard error) for Class 2. The students
in these groups belong to the central 50 % groups in the
midterm and final exams, which motivate us to introduce
the parameter FR-M, as mentioned at the beginning of
this subsection. We should pay attention to this group of
students especially in Class 2. It seems that they could
not fully grasp the contents specified during the face-to-
face lecturing time and were always struggling to adapt
themselves to our new style of teaching. To them, the
group problem solving might be a heavy burden because
they felt uneasy with even basic concepts implemented in
the problem setting. However, the same group of Class
1 did not show the similar pattern of preference to the
group activity even though they might feel that more re-
duction of the face-to-face lecturing time made them un-
easy than in Class 2. We think that it was because GPS
was designed to be optional in Class 1 and students could
decide whether they can join GPS or study the topics by
themselves. This explains why the satisfaction level with
GPS for the group with −10 < FR-M < 0 of Class 2
is distinguishably lower than that of Class 1. Therefore,
we specify these students in Class 2 as lecture-oriented
students that need serious attention in a redesigned class
based on flipped learning.
We also need to pay attention to the groups with
FR-M < −10 for further developing the education models
based on flipped learning. In the groups with FR-M <
−10, there are 40 students from Class 1 and 43 from
Class 2. The average scores of those students are reduced
from 65.6 (± 2.23, the standard error) to 36.4 (± 2.71,
the standard error) for Class 1 and from 65.5 (± 2.13, the
standard error) to 36.3 (± 2.59, the standard error) for
Class 2. While their performances were higher than the
average at the midterm exam but lower at the final exam,
their satisfaction level with L and especially GPS is as
high as other FR-M groups. In both classes, this group
of students tended to evaluate our teaching method gen-
erously good as in Fig. 5. When the course contents were
easy to them before the midterm exam, they enjoyed the
new class activities As they learned new and challenging
topics, they still had good impressions on the instructor’s
efforts but could not assess what they actually learned.
IV. DISCUSSION
In this paper, we have presented achievements and re-
flections of the students who have taken General Physics
I, the first part of the calculus-based introductory physics
course for two semesters. In Semester 2012, our primary
concern was whether a combination of pre-class self-study
based on IT technology and in-class group problem solv-
ing could be a reasonable substitute for face-to-face lec-
9T-test Degree of freedom p-value 95% confidence level
L 0.2205 284 0.8256 -0.1688569, 0.2114694
GPS -0.6895 284 0.4911 -0.2667435, 0.1283524
F-test Degree of freedom p-value 95% confidence level
L 0.6951 123/161 0.03056 0.4962111, 0.9664543
GPS 0.9672 123/161 0.838 0.6904185, 1.3447059
TABLE IX. T-test and F-test for the comparison between the students’ satisfaction with L and GPS of Class 1 and Class 2 in
Semester 2013.
FIG. 4. The students’ satisfaction levels with lecture(L) or to group problem solving (GPS) versus the ranges of the sum of
midterm and final exam score(M+F) for Class 1 and Class 2 in Semester 2013.
ture. We have found that our redesigned course offered
students a more effective way of learning physics than
the traditional type of classes based only on lectures.
In Semester 2013, we controlled the proportion of the
face-to-face lecture systematically over two classes, while
the remaining class hours were devoted to group problem
solving. In addition, students in the two classes were re-
quired to do pre-class self-study. The students’ achieve-
ments were not distinguishable in the sense that their
statistical distributions of scores in the midterm and fi-
nal exams were not different.
The fact that students in our redesigned class per-
formed better than those in the traditional type of class
in Semester 2012 suggests that the pre-class self-study
and in-class group problem solving, the two features that
are present only in the redesigned class, play an impor-
tant role in students’ learning. On the other hand, face-
to-face lecture does not seem to figure predominantly in
students’ learning of physics, because the students in the
redesigned class performed better even though the lecture
hours for them were reduced to only 1/2 of those for the
students in the traditional type of class. Nevertheless, ex-
amination of data from Semester 2013 suggests that it is
not desirable to completely eliminate face-to-face lecture.
The data indicate that the students in Class 2 where the
in-class hours are divided equally into face-to-face lecture
and group problem solving have performed as good as
those in Class 1 where face-to-face lecture hours are fur-
ther reduced. One can say that the further reduction of
lecture hours from 1/2 the entire in-class hours in favor of
group problem solving did not improve students’ perfor-
mance. Our main conclusion therefore is that students
learn more from pre-class self-study and peer instruc-
tion through group problem solving than from traditional
face-to-face lecture by an instructor, and yet face-to-face
lecture cannot be totally ignored. While pre-class self-
study should be retained as an effective learning strategy,
it is desirable to assign an appropriate proportion of the
in-class hours to face-to-face lecture.
We need to mention the contrasts of the two classes
in Semester 2013, whose proportions of the face-to-face
lecture were reduced to 1/3 and 1/2, repectively. First,
a group of the students of the class where the lecture
was reduced to 1/3, who generally scored higher in the
midterm and final exam, tended to be satisfied with
our new method of reducing the proportion of the lec-
ture and having enough time for group problem solv-
ing/discussion. Second, a group of the students of the
class where the lecture was reduced to 1/2, whose fi-
nal scores were slightly reduced than the midterm scores,
think that the storytelling lecture was rather useful for
their learning than group problem solving activity. This
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T-test Degree of freedom p-value 95% confidence level
L -0.6157 85 0.5397 -0.4531226, 0.2388369
GPS 2.0437 85 0.04408 0.008642709, 0.701186784
F-test Degree of freedom p-value 95% confidence level
L 0.6709 30/55 0.2391 0.3649576, 1.3101065
GPS 0.9893 30/55 0.9986 0.5381823, 1.9319399
TABLE X. T-test and F-test for the comparison between the student groups with M + F > 125 from Class 1 and Class 2 in
Semester 2013.
FIG. 5. The students’ satisfaction levels with lecture(L) or to group problem solving(GPS) versus the ranges of the relative
improvement in the score of the final exam to that of the midterm exam(FR-M) for Class 1 and Class 2 in Semester 2013.
seems to suggest that these students feel uneasy about
drastic reduction of face-to-face lecture hours from 1/2
those of the traditional type of class.
There are a few limitations in this research. First, hav-
ing considered that the second class of each week for Class
1 in Semester 2013 was optional, we could not study
how the fact that students had more freedom in class
schedule affect students’ achievements. The students in
Class 1 had flexibility in class time schedule - they could
choose to study the topics by themselves instead of com-
ing to the optional problem solving classes. Hence, they
might have developed their time-management skills for
study which could positively affect their achievement as
Bergmann and Sams [19] pointed out. The options given
to the students of Class 1 might positively affect their
achievements so that the results of the midterm and fi-
nal exams of both classes were not different. At least,
our study seems to suggest that it would be safe to give
students more options when the proportion of the face-
to-face lecture is reduced in flipped classrooms, as we did
in Class 1. Second, since our results are only from two
semesters, we should continue to test our model for longer
terms with more students. Even though our strategy of
increasing the interactions among students and instruc-
tors by reducing lecture hours was proven to be fruitful
for the learning of the majority of students, still there
were students who could find benefits from the face-to-
face lecture. Whether our model is effective generically
for all physics courses is still questionable. Our experi-
ments were done only on the first part of an introductory
university physics, and most freshmen have already been
exposed to the topics in their high schools. We are going
to build up a similar model for the second part and study
it using the similar method.
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T-test Degree of freedom p-value 95% confidence level
L -0.8091 49.804 0.4223 -0.6177194, 0.2629957
GPS 1.9072 65 0.06091 -0.02126542, 0.92322621
F-test Degree of freedom p-value 95% confidence level
L 3.7361 33/32 0.0003272 1.851972, 7.508512
GPS 0.9139 33/32 0.7975 0.4530013, 1.8366181
TABLE XI. T-test and F-test for the comparison between the student groups with −10 < FR-M < 0 from Class 1 and Class
2 in Semester 2013.
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